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ABSTRACT 

The objective of this study was to evaluate the effect of Different pellet lengths on 

digestive tract development and performance of broilers. In this experiment 300 day old 

broiler chicks (Ross-308) were used in a completely randomized design for 42 days in two 

periods include grower (10-21d) and finisher (22-42 d) with 4 treatments in 3 replicates and 

25 chicks in each replicate. The length levels of inclusion pellet was based on T1= 3mm 

(control group), T2 = 4mm, T3 = 5mm, and T4 = 6mm. while pellet diameter was same to all 

treatments =4.5mm. From 0 to 9 d of age, all birds were offered a common starter diet 

pelleted with a 3-mm diameter die and 3-mm length.  

According to the results, mortality during the performance experiment was negligible. 

During the grower period (10 to 21 d), weight gain was influenced (P < 0.05) by pellet 

length, with gain of birds fed pellets of 6-mm length being greater than that fed 3-mm 

length pellets (control group). Neither effects of pellet length were insignificant (P > 0.05) 

for feed intake. Feeding longer pellets decreased (P < 0.05) feed per gain compared to 

control brids. And there was no effect of pellet diameter for feed per gain .  

During the finisher (22 to 42 d) and whole trial (10 to 42 d) periods, effects of pellet length 

were insignificant (P > 0.05) for weight gain and feed intake. A significant (P < 0.05, finisher 

period; P < 0.05, whole trial period) pellet length effect was observed for feed per gain 

with increasing pellet length from 3- to 6-mm.  

There were significant effects of pellet length (P < 0.05) for relative length of duodenum. 

Increasing pellet length reduced the relative length of duodenum. Neither effects were 

insignificant (P > 0.05) for relative length of jejunum, ileum and small intestine. While the 

effect of pellet length for the relative length of caeca (P < 0.05) was observed. Sothat 

increasing pellet length reduced the relative length of caeca. And effect of pellet length 

was observed for relative weight of proventriculus (P < 0.05), with birds fed 3-mm length 

pellets having heavier proventriculus compared to those fed 4,5,6-mm length pellets. And  

effects were insignificant (P > 0.05) for relative weight of gizzard, small intestine and 
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caeca. Overall, the data suggest that that using longer pellet lengths may have an 

additive effect on pellet quality. 
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Introduction 

The majority of broilers are fed pelleted diets. Feeding pelleted diets results in an 

improvement in weight gain and feed conversion compared to feeding mash diets. 

Many feed ingredients, especially cereal grains, are ground before they are incorporated 

into poultry diets. A smaller particle size is associated with a larger surface area of the 

grain, possibly resulting in higher digestibility in poultry due to a greater interaction with 

digestive enzymes in the gastrointestinal tract (Goodband et al., 2002). 

The importance of physical quality of pellets in improving growth responses is well 

recognised in the broiler industry (Moritz et al., 2001; Behnke and Beyer, 2002; Moritz et al., 

2003; Cutlip et al., 2008; Hott et al., 2008; Corzo et al., 2011). Moreover, feed is too 

expensive to waste; so pellet quality has an economic value (Löwe, 2005). To create high 

physical quality pellets, a better understanding of factors affecting pellet quality is 

necessary. According to Reimer (Cited in Behnke, 2001), pellet quality depends 

proportionally on the following factors: 40% feed formulation, 20% feed particle size, 20% 

steam-conditioning, 15% pellet die specification, and 5% cooling and drying process. 

Feed ingredients have a marked impact on pellet quality. Achieving high quality pellets 

through manipulating diet formulation, however, has become relatively difficult due to 

the fact that least-cost diet formulation is the primary concern of the poultry nutritionists as 

well as the use of concepts such as ideal protein in feed formulations which eliminates the 

need for high dietary protein levels. 

Feed physical form is one of most important factors, which confound the effect of 

particle sizes on digestibility of nutrients and growth performance. Pelleting is the most 

preferred form of diet for broiler chickens, during the starter and grower periods, showing 

an increased feed intake and weight gain and improved feed to gain ratio (Calet, 1965). 

Also, pelleting feed for broilers can improve AME and apparent metabolizability of 

organic matter (Kilburn & Edwards, 2001; Svihus et al., 2004).  

Published data on the effect of feed particle size on pellet quality are contradictory 

(Thomas et al., 1998; Dozier, 2003; Svihus et al., 2004; Amerah et al., 2007). In general, 

coarsely-ground particles are believed to compromise the pellet quality, although there is 

no objective evidence to support this claim (Amerah et al., 2007).  

It has been postulated that birds select an appropriate feed size according to variation 

of their oral cavity, and birds have difficulty in eating particles that are bigger or much 

smaller than the size of the beak (Moran, 1982). Nir et al. (1995) suggested that particle 

digestion within the proximal small intestine is slower when particles are bigger, resulting in 

more peristaltic movements and maybe a better utilization of the nutrients. Thus, the 

consumption of diets with different characteristics may not be similar and may have a 

direct effect on the morphological structure of the digestive system of the birds, such that 

any alteration in the structure of the feed might have a significant effect on performance 

by restricting or making some nutrients unavailable (Macari et al., 1994). For example, 

birds that eat fiber and/or coarse food tend to have a longer gastrintestinal tract 

(Denbow, 2000). On the other hand, both gizzard atrophy (Nir et al., 1994a; Nir et al., 1995; 

Magro, 1999) and a discrete intestinal hypertrophy (Nir et al., 1994a) have been observed 
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when finely ground food was fed to the birds. Moreover, younger birds prefer a smaller 

particle size while older ones select a bigger particle size (Portella et al., 1988). According 

to these observations, birds fed a smaller pellet size could feel comfortable eating and 

consequently these birds could spend less energy for eating. Thus, birds fed pelleted diets 

increase the net energy value due to increasing resting behavior and decreasing time 

eating (McKinney & Teeter, 2004; Skinner-Noble et al.,2005). 

Based on above discussion, it was hypothesised that manipulation of pellet size (diameter 

and length) may provide another potential approach to improve pellet quality at low 

conditioning temperatures. To test this hypothesis, the present experiment was designed 

to examine the effect of pellet diameter and length on Performance and digestive tract 

development of broilers. 

Materials and Methods :  

Diets: 

The study was used in a completely randomized design to evaluate the effects of four 

pellet  lengths (3,4,5 and 6-mm), without changing pellet diameter that it was same to all 

treatments =4.5mm. Broiler grower (d 10 to 21) and finisher (d 22 to 42) diets were 

formulated to meet the Ross 308 strain recommendations for major nutrients (Ross, 2007; 

Table 1). 

Each of grower and finisher diets was then subjected to four pelleting treatments:  

1. pelleted with a 4.5-mm die and 3-mm length (T0) as a control diet. 

2. pelleted with a 4.5-mm die and 4-mm length (T1).  

3. pelleted with a 4.5-mm die and 5-mm length (T2). 

4. pelleted with a 4.5-mm die and 6-mm length (T3). 

All diets were steam-conditioned at 60 ºC for 30 seconds and pelleted using a pellet mill 

capable of manufacturing 200 kg of feed/h.  
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Table 1. Composition and calculated analysis of the basal diets % 

Items 0 to 21d 22 to 42 d 

Ingredients (%) 

Corn 

 

55.45 58.28 

Soybean meal 38.95 33.91 

Soybean oil 1.43 4 

Sodium chloride 0.22 0.2 

Dicalcium phosphate 2.20 2.0 

Limestone 1.00 0.9 

DL-methionine (99%) 0.25 0.21 

Cholin HCL 

 

0.10 0.10 

Trace mineral-vitamin 1 0.10 0.10 

Salt Nacl 0.30 0.30 

Calculated analysis  

 ME (kcal/kg) 

 

3000 3200 

Crude protein % 

 

22 20 

Lysine % 

 

1.19 1.06 

Methionine % 

 

0.56 0.50 

Methionine + cysteine % 

 

1.23 1.23 

Calcium % 

 

0.97 0.76 

Total phosphorus % 

 

0.75 0.65 
1: Supplied per kilogram of complete diet: vitamin A, 9,100 IU; vitamin D3, 1,850 IU; vitamin E, 18 IU; 

riboflavin, 7.0 mg; pantothenic acid, 15.0 mg; niacin, 36 mg; cobalamin, 10 μg; choline chloride, 300 

mg; biotin, 0.1 mg; folic acid, 0.6 mg; thiamine, 1.0 mg; pyridoxine, 3.0 mg; Fe, 75.0 mg; Zn, 60.0 mg; 

Mn, 80.0 mg; I, 0.4 mg; Cu, 4.0 mg; Se, 0.3mg.  

 

 

Birds and Housing  

Three hundred and fifty 1-day old male broilers (Ross 308), obtained from a commercial 

hatchery, were allocated to cages in electrically heated battery brooders. From 0 to 9 d 

of age, all birds were offered a common starter diet pelleted with a 3-mm diameter die 

and 3-mm length. On d 10, 300 birds were used in a completely randomized design for 42 

days with 4 treatments in 3 replicates and 25 chicks in each replicate. Feed was offered 

ad libitum and water was freely available throughout the trial. The battery brooders and 

grower cages were housed in an environmentally controlled room with 20 h of fluorescent 

illumination per day. The temperature was maintained at 31 ºC on d 1, and was gradually 

reduced to 22 ºC by 21 d of age.  

Chemical analysis 

All samples was determined using standard procedures (method 930.15; AOAC, 2005). 
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Performance data 

Body weights and feed intake were recorded on 10d, 21d and 42d. Mortality was 

recorded daily. Feed per body-weight gain values were corrected for the body weight of 

any bird that died during the course of the experiment. 

Digestive tract measurements 

In all experiments, two birds, with body weights closest to the mean weight of the cage, 

were selected from each replicate cage and sacrificed by cervical dislocation. The live 

weight and weight of digestive tract segments from proventriculus to caeca of each bird 

were determined. The length of each intestinal segment was determined with a flexible 

tape on a wet glass surface to prevent inadvertent stretching. The length (± 0.1 cm) of the 

duodenum (from the pyloric junction to the distal-most point of insertion of the duodenal 

mesentery), the length of the jejunum (from the distal-most point of insertion of the 

duodenal mesentery to the junction with Meckel’s diverticulum), the length of the ileum 

(from the junction with Meckel’s diverticulum to ileocaecal junction) and the sum of the 

lengths from ostium to tip of each caeca were determined. Following division and freeing 

of each of these components from any adherent mesentery, their full and empty weights 

(± 0.1 g) were determined along with those of the proventriculus and gizzard. 

Statistical analysis  

The data were analysed by two-way analysis of variance (ANOVA) using the General 

Linear Models procedure of SAS (2004). Differences were considered to be significant at P 

< 0.05 and significant differences between means were separated by the Least Significant 

Difference (LSD) test. 

Results and Discussion: 

Performance  

 Mortality during the performance experiment was negligible. Only three out of the 300 

birds died and the deaths were not related to any specific treatment. During the grower 

period (10 to 21 d), weight gain was influenced (P < 0.05) by pellet length, with gain of 

birds fed pellets of 6-mm length being greater than that fed 3-mm length pellets (control 

group) (Table 2). Neither effects of pellet length were insignificant (P > 0.05) for feed 

intake (Table 3). Feeding longer pellets (5 and 6) mm decreased (P < 0.05) feed per gain 

compared to control brids that fed to short (3-mm) pellets. And there was no effect (P > 

0.05) of pellet diameter for feed per gain (Table 4).  

During the finisher (22 to 42 d) and whole trial (10 to 42 d) periods, effects of pellet length 

were insignificant (P > 0.05) for weight gain and feed intake (Table 2,3). pellet length had 

influence (P < 0.05) on feed per gain (Table 4). However, a significant (P < 0.05, finisher 

period; P < 0.05, whole trial period) pellet length effect was observed for feed per gain 

with increasing pellet length from 3- to 6-mm, sothat decreased feed per gain at 6-mm 

pellet length. however, no effect of pellet length was observed for weight gain and feed 

intake. In this period, increasing the pellet length improved feed per gain in 4.5-mm 

diameter pellets. Cerrate et al. (2008) showed that at 7 d, birds fed a maize-based diet 
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pelleted with a 1.59 mm die had similar body weight to those fed a similar diet pelleted 

with a 2.38 mm die but higher body weight than birds fed the diet pelleted with a 3.17 

mm die. Birds fed the diet pelleted with the 1.59 mm die consumed the greatest amount 

of feed during the 0-7 d period while those fed the diet pelleted with the 3.17 mm die 

consumed the least feed. The higher weight gain and feed intake with 1.59 mm diameter 

pellets were attributed to a more appropriate pellet size for the oral cavity of birds at this 

age (Moran, 1989) and an improved nutritive value due to higher gelatinisation of starch 

as the pellet die diameter is reduced (Heffner & Pfost, 1973). 

 

Table 2. Influence of pellet length (PL, mm) on the weight gain (g/bird) of broilers1 

Treatment  

Grower 

period 

(10 to 21) d 

Finisher period 

(22 to 42) d 

Whole trial period 

(10 to 42) d 

T0 control 627b 1667NS 2294NS 

T1 623b 1628 2251 

T2 650a 1673 2323 

T3 640a 1710 2350 

SEM2 8.2 44.5 51.2 

NS, not significant; * P < 0.05.  
1 Each value represents the mean of 3 replicates (25 birds per replicate). 
2 Pooled standard error of mean.  

 

Table 3. Influence of pellet length (PL, mm) on feed intake (g/bird) of broilers1 

Treatment  

Grower 

period 

(10 to 21) d 

Finisher period 

(22 to 42) d 

Whole trial period 

(10 to 42) d 

T0 control 803NS 3599NS 4402NS 

T1 794 3581 4375 

T2 816 3619 4435 

T3 797 3566 4363 

SEM2 11.1 71.2 88.5 

NS, not significant; * P < 0.05.  
1 Each value represents the mean of 3 replicates (25 birds per replicate). 
2 Pooled standard error of mean.  

 



 

2020 November  Edition |www.jbino.com |Innovative Association 

J.Bio.Innov 9(6), pp: 1520-1531, 2020 |ISSN 2277-8330 (Electronic) 

 

Zelal et al., 

Table 4. Influence of pellet length (PL, mm) on feed per gain (g feed/g gain) of broilers1 

Treatment  

Grower 

period 

(10 to 21) d 

Finisher 

period 

(22 to 42) d 

Whole trial 

period 

(10 to 42) d 

T0 control 1.280a 2.159b 1.919ab 

T1 1.275a 2.199a 1.944a 

T2 1.255b 2.163ab 1.909ab 

T3 1.245b 2.085c 1.857b 

SEM2 0.0091 0.0121 0.0097 

NS, not significant; * P < 0.05.  
1 Each value represents the mean of 3 replicates (25 birds per replicate). 
2 Pooled standard error of mean. 

 

Digestive tract measurements 

The effects of dietary treatments on the relative length and empty weight of the 

digestive tract of the broilers are shown in (Table 5,6). effects of pellet pellet length (P < 

0.05) were observed for relative length of duodenum. Increasing pellet length reduced 

the relative length of duodenum.  

Neither effects were insignificant (P > 0.05) for relative length of jejunum, ileum and small 

intestine. While the effect of pellet length for the relative length of caeca (P < 0.05) was 

observed. Sothat increasing pellet length reduced the relative length of caeca.  

And effect of pellet length was observed for relative weight of proventriculus (P < 0.05), 

with birds fed 3-mm length pellets having heavier proventriculus compared to those fed 

4,5,6-mm length pellets. And  effects were insignificant (P > 0.05) for relative weight of 

gizzard, small intestine and caeca, Other studies have demonstrated a similar 

phenomenon (Abdollahi et al.,2013), in which Increasing pellet diameter and pellet 

length reduced the relative length of duodenum, and Birds given 3-mm diameter pellets 

had heavier proventriculus compared to those given 4.76-mm diameter pellets, While the 

results incompatible with previous work reported no difference in the weight of these 

organs with particle sizes of 0.6 to 2.17mm (Nir, et al., 1995). 

Table 5. Influence of pellet length (PL, mm) on relative length (cm/kg body weight) of the 

digestive tract of the broilers1 

Treatmen

t  

Relative length 

Duodenu

m 
Jejunum Ileum Small 

intestine2 
Caeca 

T0 control 10.48a 26.5NS 27.1NS 64.08NS 7.25a 

T1 9.88b 26.2 26.1 62.18 6.73b 

T2 9.74b 26.5 26.5 62.74 6.86b 

T3 9.22c 25.5 26.2 60.92 6.67c 

SEM2 0.31 0.82 0.71 1.42 0.144 

NS, not significant; * P < 0.05.  

1 Each value represents the mean of 12 birds.  

2 Small intestine = duodenum + jejunum + ileum.  
3 Pooled standard error of mean. 
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Table 6. Influence of pellet diameter (PD, mm) and pellet length (PL, mm) on empty weight (g/kg 

body weight) of the digestive tract of the broilers1 

Treatment 

Relative empty weight 

Proventriculus Gizzard 
Small 

intestine2 
Caeca 

T0 control 2.84a 6.02 NS 12.96 NS 0.88NS 

T1 2.5ab 6.05 13.45 0.79 

T2 2.29b 6.28 13.44 0.84 

T3 2.36b 6.33 12.71 0.84 

SEM2 0.17 0.21 0.42 0.05 

NS, not significant; * P < 0.05. 
1 Each value represents the mean of 12 birds.  
2 Small intestine = duodenum + jejunum + ileum.  
3 Pooled standard error of mean. 

 

 

Conclusions 

Overall, the present data showed that increasing the pellet length from 3- to 6-mm during 

the grower period (d 10 to 21) positively influenced the weight gain and feed per gain of 

broilers. While the weight gain response disappeared as the birds grew older. It was 

speculated that a better pellet quality per se is not the cause of improved feed per gain 

but rather the weight of intact pellets which may positively affect the productive energy. 

It seems plausible that using longer pellet lengths may have an additive effect on pellet 

quality. 
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